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changes in functional independence and motor abilities of persons with spinal cord injury 




Paraplegia represents impairment or loss of motor and sensory functions in the 
thoracic, lumbar, or sacral segments of the spinal cord due to a lesion of neural elements 
in the spinal canal. In paraplegia, the function of the upper extremities is preserved 
and depending on the neurological level and completeness of the lesion, the function 
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trained for the use of wheelchairs, for which they need adequate strength, endurance 
and power of the muscles of the upper extremities and torso. It should be noted that 
spinal cord injuries above the twelfth thoracic vertebra lead to impaired postural 
balance in the sitting position, which increases the load on the upper extremities 
ȋǤǡʹͲͲͷȌǤ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the bed to the wheelchair and vice versa, then moving to a chair, on a mat, to the toilet, 
ǡǡ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
the surrounding in which a person with SCI lives, which relate to driving on an oblique 
plane – ramps, entering and exiting elevators, as well as moving in public buildings 
 Ǥ       
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independence and performance of daily activities will depend on the level of motor 
ȋǤǡʹͲͳ͹ȌǤ
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have experienced spinal cord injury, and is the result of a loss of motor control, muscle 
ǡȋ
ǤǡʹͲͳͲȌǤ
          
from cumulative stresses, especially the upper extremities and the shoulder girdle. In 
addition, atrophy due to inactivity occurs much faster than atrophy that occurs with 
ageing. Due to inactivity, the volume of movement in the joints and the elasticity of 
the soft tissues decrease over time, the need for energy is reduced, and the reduced 
ȋ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complications, secondary urinary infections, muscle spasms and pressure ulcers 
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to gain weight, especially people with SCI, which is an aggravating factor in everyday 
 ȋ
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a higher upper extremity load increases physical effort, causing fatigue and distress 
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biomechanics contribute to the understanding of the factors responsible for producing 
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 ǡ   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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ȋǤǡʹͲͲͳȌǤ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methods that that are used for examining the strength of postural muscles, as well 
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isometric dynamometry show that this method can be used both in young and healthy 
ȋ©ǤǡʹͲͳʹȌȋǤǡʹͲͳͺȌǤ
  
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activated from the state of physiological tone into some desired tone, which depends 
on the intensity of the internal voluntary or external involuntary stimulus. Potential, 
      ǡ    
mechanical magnitudes of the analogue output of the achieved tone and is expressed in 
ȋǤǡʹͲͲʹȌǤ
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    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research in a population of persons with different levels of spinal cord injury, as well as 
in other persons with disabilities who use wheelchairs.





the subjects had undergone a rehabilitation phase, had no injuries or pain in the upper 
extremities lately, and that they were not involved in any sport regularly. Subjects were 
ϐ         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ͳǤ Characteristics of subjects in relation to age, spinal cord injury and 
anthropometric indicators
M SD Ψ Min Max
ȋȌ Ͷ͸Ǥ͸͸ 8.28 ͳ͹Ǥ͹Ͷ ͵ʹǤͶ 59.9

ȋȌ 21.27 ͺǤ͸ͻ ͶͲǤͺͶ ͳʹǤ͵ ͶͶ
ȋȌ 179.79 ͸Ǥͻ͸ ͵Ǥͺ͹ ͳ͸ͺ ͳͻ͵
ȋȌ ͺͶǤ͸Ͷ 12.10 ͳͶǤ͵Ͳ ͸͵ ͳͲ͵

























explained to each participant, after which the participant made two trial hand grip 
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ȋȌϐ
ǦǤ   ͷǦ ǡ  
proceeded to the test protocol. First, two alternating 
measurements of the maximum handgrip of both 
ȋϐǡǦȌ
 ͳ
     Ǥ   
         ͷͲΨ 
 ȋ	ͷͲΨ for the left arm and FͷͲΨ for the 
 Ȍǡ    ͳͲ Ǥ ǡ
the measurement of the force manifestation capacity 
ȋȌ
was conducted, that is the time interval during which 








•   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     ͷͲΨ  




 ͷͲΨ    Ȃ mpFͷͲΨand ImpFͷͲΨ, expressed in 
ǦȋȌǤ
ǦTotal muscle potential – hand strength refers to the sum of the maximum left and 
ȋȌȂ	maxSUM, where FmaxSUM=FmaxΪ	maxR.
ǦTotal muscle potential – the time of maintaining the given forcerefers to the sum 
ͷͲΨ
       ǡ    ȋȌ Ȃ 	ͷͲΨSUM, where 
tFͷͲΨSUM= tFͷͲΨΪ	ͷͲΨR.
ǦTotal muscle potential – endurance refers to the sum of the absolute values of the 
endurance in the force – the impulse of the muscular force of the handgrip of the left 
ͷͲΨǡǦ
ȋȌȂimpFͷͲΨSUM, where impFͷͲΨSUM=impFͷͲΨΪ impFͷͲΨR.
ǦRelative values of total muscle potential:




	ͷ – Muscle force  
testing – isometric dynamometry 
method
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ȋȀȌǡ	ͷͲΨSUMrel = 
tFͷͲΨSUM/BM.
• Relative value of muscle endurance – impFͷͲΨSUMrelǡ   Ǧ
ȋȀȌǡimpFͷͲΨSUMrel= impFͷͲΨSUM/
BM.




and dominant hand – FmaxȀǢ
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 Ȍ    ȋ  Ȃ ǡ ϐ 
ȂΨȌǡȋȂȂȌǤ
     ʹͲͲ͵ ȋ®ϐ
ʹͲͲ͵ȌǤ
RESULTS
ʹ        





ͶͶͺǤ͹ͻάͺͷǤͷͺ   ͶͻͲǤͷͷά͹ͻǤͲ͸
ǤͷͲΨ
handgrip, and presented as a force impulse, our subjects had values for the left hand of 
ͳʹ͵ʹͻǤͲ͸άͷʹͻͷǤͷʹͳͷ͸͹ͷǤ͸ʹά͸Ͳͻ͹Ǥͻ͸Ǥ
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ʹǤ Results of basic descriptive statistics of variables of muscle force, time of 
manifestation and endurance in force
M SD Ψ Min Max
FȋȌ ͶͶͺǤ͹ͻ 85.58 19.07 258 ͸͵͹
FmaxRȋȌ ͶͻͲǤͷͷ ͹ͻǤͲ͸ ͳ͸Ǥͳʹ ʹͺͶ ͸͵ͻ
FͷͲΨȋȌ ʹʹͶǤ͵ͻ ͶʹǤ͹ͻ 19.07 129 ͵ͳͺǤͷͲ
FͷͲΨȋȌ ʹͶͷǤʹͺ ͵ͻǤͷ͵ ͳ͸Ǥͳʹ ͳͶʹ ͵ͳͻǤͷͲ
tFͷͲΨȋȌ ͷͶǤͷͷ ͳͷǤ͸ͻ 28.75 28.25 88.19
tFͷͲΨȋȌ ͸͵Ǥ͹ʹ ͳͻǤͳ͵ ͵ͲǤͲʹ 25.52 98.71
ImpFͷͲΨȋȌ ͳʹ͵ʹͻǤͲ͸ 5295.52 ͶʹǤͻͷ ͹Ͳ͹͵Ǥͺʹ 28088.52
ImpFͷͲΨȋȌ ͳͷ͸͹ͷǤ͸ʹ ͸Ͳͻ͹Ǥͻ͸ ͵ͺǤͻ ͹ͲͶ͵Ǥͷʹ ͵Ͳ͹ͷͺǤʹ͹
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͵Ǥ Results of descriptive statistics of total muscle potential of  
hand – summary and relative indicators
M SD Ψ Min Max
FmaxȋȌ ͻ͵ͻǤ͵Ͷ ͳ͸͵Ǥʹͳ ͳ͹Ǥ͵ͺ ͷͶʹ ͳʹ͹͸
tFͷͲΨȋȌ 118.27 ͵͵Ǥͻ͸ 28.71 ͷ͵Ǥ͹͹ ͳͺͶǤͶ͸
impFͷͲΨȋȌ ʹͺͲͲͶǤ͸͹ ͳͳʹ͵͵Ǥ͸͸ ͶͲǤͳͳ ͳͶͳͶͺǤͶͲ ͷͺͺͶ͸Ǥ͹ͺ
FrelȋȀȌ ͳͳǤ͵Ͳ ʹǤͶͻ 22.07 ͸Ǥͷ͵ 15.81
tFͷͲΨSUMrel ȋȀȌ ͳǤͶʹ ͲǤͶͶ ͵ͳǤͳ͹ 0.72 2.18
impFͷͲΨSUMrel ȋȀȌ ͵͵ͶǤͺʹ ͳʹͻǤ͸ͷ ͵ͺǤ͹ʹ ͳ͹ͻǤ͸Ͷ ͷ͹ͳǤ͵͵
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results in discovering, studying and developing human capabilities, whereas improving 
the functioning of people with disabilities is an important goal of rehabilitation. Good 
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give us a starting point for examining the current state, as well as the changes that may 
occur either by additional inactivity or application of some form of physical activity. 
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they could be expected to have higher BMI values, as the time after injury averaged 
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By comparison, in a healthy human population, ageing increases BMI by 1 unit every 5 
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as the wrist joints are concerned, the greatest loads are in the propulsion phase, which 






























Most activities of everyday life require effort over a certain period. In addition to 
the maximum muscle strength of the handgrip, as an indicator of the function of the 
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protocols were based on maintaining maximum or submaximal levels of muscle 
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that the endurance time increases with a decrease in a given submaximal force, 
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submaximal contractions.





with the research results from 2012, which included subjects twice younger than ours 
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greater endurance in subjects with SCI, which may be related to the fact that endurance 
is affected by repetitive movements of lower intensity and longer duration, such as 
wheelchair movement.
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the upper extremities, and what they all had in common was that they were wheelchair 
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Moreover, endurance can be tested by both repeated dynamic contraction as well 
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the force of handgrip and relaxation is manifested in a short period. For example, the 
retropulsive phase, which lasts from the moment the hand separates from the wheel 
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Muscle strength and endurance are two different dimensions of the contractile 
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methods in addition to traditional tests of maximal strength. It is also essential to include 
endurance measurements in a standard assessment of upper extremity functionality in 
people with paraplegia. It would be useful to examine the endurance of people with 
paraplegia in relation to physical activity or some other parameters in future studies.
CONCLUSION









functional dimorphism for of endurance in force showed that the right hand had a higher 
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In this study, the relative values of upper extremity muscle potential for people 
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persons with different levels of spinal cord injury, as well as in other conditions where 
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abilities during and after rehabilitation, the impact of physical activity and sports, but 
also inactivity could be monitored, as well.
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female subjects, as well as with subjects who have other pathological conditions, and 
use mobility aids.





of physical exercise on quality of life in individuals with spinal cord injury. Spinal Cord, 
Ͷͺǡ͵ͻ͵Ȃ͵ͻͻǤ
͵Ǥ ǡǤǤǡǡǤƬǡǤǤȋͳͻͻͺȌǤ





5. ǡ Ǥ Ƭ ǡ Ǥ Ǥ ȋͳͻͻͳȌǤ      
endurance between the right and left hands of men and their relationship with age and 
other physical parameters. Journal of human ergology, ʹͲȋͳȌǡͶͳǦͷͲǤ





analysis of body mass index during and up to 5 years after discharge from inpatient 
spinal cord injury rehabilitation. Journal of Rehabilitation MedicineǡͶʹǡͻʹʹǦͻʹͺǤ
8. ǡ Ǥǡ ©ǡ Ǥǡ ©ǡ Ǥǡ ǡ Ǥǡ «©ǡ 
Ǥǡ ©ǡ Ǥǡ
©ǡǤǡǡǤǡƬæǡǤȋʹͲͲͻȌǤϐ
hand grip explosive force and time parameters in different strength traine population. 
ǡ͵ȋʹȌǡͳ͹͹Ǧͳͻ͵Ǥ
9. ǡǤǡ ©ǡǤǡ ©ǡ 	Ǥǡ ǡǤǡ©ǡ ǤǡƬ ©ǡ Ǥ
ȋʹͲͳͳȌǤæ©






11. ©ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͳʹȌǤ 	    










     « Ȃā  
æǤSpecijalna edukacija i rehabilitacijaǡͳͳȋͳȌǡ͸͹ǦͺͷǤ
ͳ͸Ǥ ǡǤǤǡƬǡǤǤȋʹͲͳͷȌǤ
of bimanual isometric handgrip. Journal of Biomedical and Clinical ResearchǡͺȋͳȌǡͳ͵ǦͳͺǤ
17. Ǧ
Àǡ Ǥǡ Ǧǡ ., 
±ǡ ., 
Ǧǡ Ǥǡ Ƭ Ǧǡ Ǥ . 
ȋʹͲͳͻȌǤ         Ǧ 
propulsion on the upper limb. SensorsǡͳͻȋʹͳȌǡͶ͸Ͷ͵Ǥ
QUANTITATIVE INDICATORS OF UPPER EXTREMITY MUSCLE POTENTIAL IN INDIVIDUALS 
WITH SPINAL CORD INJURY – PARAPLEGIA: A PILOT STUDY 391
18. ǡǤǤǡǡǤǤǡƬǡǤǤȋʹͲͳͻȌǤǦ
     ǣ     
   ȋʹͲͳͶȂʹͲͳͷȌǤ International Journal of Environmental 
Research and Public Health , ͳ͸ȋͳʹȌǡʹʹ͵ͷǤ
19. ©ǡǤǡǡǤǡǡǤǡ*©ǡǤǡƬǡǤȋʹͲͳͺȌǤ










Ƭ ǡ Ǥ Ǥ ȋʹͲʹͲȌǤ       
associated with functional disability in aging americans. 









        
  Ǥ International 
Orthopaedics (SICOT), ͵͵ȋ͵Ȍǡ͹ͳ͵Ȃ͹ͳ͹Ǥ
ʹͶǤ ǡǤǤǡǡǤǤǡǡǤǤǡǡǤǤǡǡǤǤǡƬ






­ǡ ǤǤǡ Ƭ 
 ǡ Ǥ Ǥ ȋʹͲͳ͹ȌǤ ϐ   






27. ǡ ʠǤʏǤǡ Ƭǡ ʡǤ ȋʹͲͲ͹ȌǤ      Ǥ
ǡͶͶȋͳȌǡͳʹ͵Ȃͳ͵͸Ǥ
28. ǡǤǡ ǡ ǤǡƬ ǡ Ǥ ȋʹͲͲʹȌǤ   
endurance variables. Journal of human kinetics, ͹ǡʹͻǦͶʹǤ
29. ǡǤǡ*ǡǤǡ©ǡ	Ǥǡ©ǡǤǡƬǡǤȋʹͲͳͺȌǤ
hand grip strength and endurance and postural stability in active and sedentary older 
women. Journal of Electromyography and KinesiologyǡͶ͵ǡ͸ʹǦ͸͹Ǥ
͵ͲǤ ǡ Ǥǡ ǡ Ǥǡ ©ǡ 	Ǥǡ Ƭ *©ǡ Ǥ ȋʹͲͳͷȌǤ ϐ  Ȁ
differences and error variability in healthy adults. Specijalna edukacija i rehabilitacija, 
ͳͶȋͶȌǡͶ͹͵ǦͶͻͷǤ
͵ͳǤ ǡ Ǥ Ǥǡ ǡ Ǥ Ǥǡ ǡ Ǥǡ ǡ Ǥǡ Ƭ ǡ Ǥ ȋʹͲͳͺȌǤ Ǧ
ǣͳͺͺͷ
age residing in the united states. Journal of Orthopaedic and Sports Physical Therapy, 
ͶͺȋͻȌǡ͸ͺͷǦ͸ͻ͵Ǥ
͵ʹǤ ǡǤǡǡǤǤǡǡǤǡǡǤǡƬǡǤȋͳͻͻͷȌǤ
study of the bone mineral content and of soft tissue composition after spinal cord 
section. Paraplegiaǡ͵͵ǡ͸͹ͶȂ͸͹͹Ǥ









with thoracic level paraplegia. Archives of Physical Medicine and Rehabilitationǡͺ͸ȋ͹Ȍǡ
ͳͶͶͳǦͳͶͶ͸Ǥ
